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FACE COMPONENT EXTRACTION
APPARATUS, FACE COMPONENT
EXTRACTION METHOD AND RECORDING
MEDIUM IN WHICH PROGRAM FOR FACE
COMPONENT EXTRACTION METHOD IS
STORED

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a face component extrac-
tion apparatus, a face component extraction method and a
recording medium in which a program for the face component
extraction method is stored.

2. Description of the Related Art

Conventionally, there is known a portrait creation appara-
tus which creates a portrait by using feature points of face
components such as eyes, nose, mouth, ears and face contour
(for example, see JP 2004-145625).

When an extraction model, which is for extracting face
components such as eyes and mouth from an image, is to be
fitted in the image, it is preferable to use the positions of eyes
in the face region of the image as the reference in order to
appropriately fit the extraction model. However, if a person in
the image is wearing a pair of glasses with thick frame of dark
color such as a pair of dark rimmed glasses, the eyes cannot be
detected appropriately, and as a result, there is a possibility
that the extraction model cannot be fitted appropriately.

SUMMARY OF THE INVENTION

In view of the above, an object of the present invention is to
provide a face component extraction apparatus and a face
component extraction method which can appropriately
extract face components from an image and a recording
medium in which a program for the face component extrac-
tion method is stored.

According to an embodiment of the present invention,
there is provided a face component extraction apparatus
including an eye detection unit which detects a plurality of
combinations of eye regions, each combination forming a
pair, in a face region in an image, a first calculation unit which
calculates a first evaluation value for each pair of eye regions
detected by the eye detection unit, the first calculation unit
being related to likeness to eyes, a fitting unit which fits a
plurality of extraction models for extracting a plurality of face
components that constitute a face in the image based on a
number of pairs of eye regions whose first evaluation values
calculated by the first calculation unit are equal to or greater
than a predetermined value, a second calculation unit which
calculates a second evaluation value for each of a number of
pairs of eye regions, the second evaluation value being related
to a fitting condition of the plurality of extraction models
which are fitted by the fitting unit, and a deciding unit which
decides a fitting mode of the plurality of extraction models to
be fitted by the fitting unit based on calculation results of a
number of second evaluation values by the second calculation
unit.

According to an embodiment of the present invention,
there is provided a face component extraction method using a
face component extraction apparatus including detecting a
plurality of combinations of eye regions, each combination
forming a pair, in a face region in an image, first calculating of
afirst evaluation value for each pair of eye regions detected by
the eye detection unit, the first calculation unit being related
to likeness to eyes, fitting a plurality of extraction models for
extracting a plurality of face components which constitute a
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face in the image based on a number of pairs of eye regions
whose first evaluation values calculated in the first calculating
are equal to or greater than a predetermined value, second
calculating of a second evaluation value for each of a number
of pairs of eye regions, the second evaluation value being
related to a fitting condition of the plurality of extraction
models which are fitted in the fitting, and deciding a fitting
mode of the plurality of extraction models to be fitted in the
fitting based on calculation results of a number of second
evaluation values calculated in the second calculating.

According to an embodiment of the present invention,
there is provided a non-transitory computer readable record-
ing medium having a program stored thereon that can be read
by a computer in a face component extraction apparatus, the
program making the computer function as an eye detection
unit which detects a plurality of combinations of eye regions,
each combination forming a pair, in a face region in an image,
a first calculation unit which calculates a first evaluation value
for each pair of eye regions detected by the eye detection unit,
the first calculation unit being related to likeness to eyes, a
fitting unit which fits a plurality of extraction models for
extracting a plurality of face components which constitute a
face in the image based on a number of pairs of eye regions
whose first evaluation values calculated by the first calcula-
tion unit are equal to or greater than a predetermined value, a
second calculation unit which calculates a second evaluation
value for each of a number of pairs of eye regions, the second
evaluation value being related to a fitting condition of the
plurality of extraction models which are fitted by the fitting
unit, and a deciding unit which decides a fitting mode of the
plurality of extraction models to be fitted by the fitting unit
based on calculation results of a number of second evaluation
values by the second calculation unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and features of the
present invention will become more fully understood from
the detailed description given hereinbelow and the appended
drawings which are given by way of illustration only, and thus
are not intended as a definition of the limits of the present
invention, and wherein:

FIG. 1 is a block diagram showing a schematic configura-
tion of an image capturing apparatus of the first embodiment
where the present invention is applied;

FIG. 2 is a flowchart which shows an example of the
operation of the portrait image creating process performed by
the image capturing apparatus of FIG. 1;

FIG. 3 is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;

FIG. 4A is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;

FIG. 4B is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;

FIG. 4C is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;

FIG. 5A is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;

FIG. 5B is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;
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FIG. 5C is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;

FIG. 6A is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2;

FIG. 6B is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2; and

FIG. 6C is a schematic diagram showing an example of an
image according to the portrait image creating process of
FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a specific embodiment of the present invention
will be described with reference to the drawings. However,
the scope of the present invention is not limited to the
examples shown in the drawings.

FIG. 1 is a block diagram showing a schematic configura-
tion of the image capturing apparatus 100 according to the
first embodiment where the present invention is applied.

As shown in FIG. 1, the image capturing apparatus 100 of
the embodiment includes an image capturing unit 1, an image
capturing control unit 2, an image data creating unit 3, a
memory 4, an image processing unit 5, a recording medium
control unit 6, a display control unit 7, a display unit 8, an
operation input unit 9, a central control unit 10 and such like,
in particular.

The image capturing unit 1, the image capturing control
unit 2, the image data creating unit 3, the memory 4, the image
processing unit 5, the recording medium control unit 6, the
display control unit 7 and the central control unit 10 are
connected with one another via the bus line 11.

The image capturing unit 1 generates a frame image by
capturing a specific subject.

In particular, the image capturing unit 1 includes a lens
section la, an electronic image capturing section 15 and a
lens drive section 1c.

The lens section 1a is constituted of a plurality of lenses
such as a zoom lens and a focus lens, for example.

The electronic image capturing section 15 is constituted of
an image sensor (image capturing element) such as a CCD
(Charged Coupled Device) or a CMOS (Complementary
Metal-oxide Semiconductor), for example. Further, the elec-
tronic image capturing section 15 converts the optical image
which passed various lenses of the lens section 1a into a two
dimensional image signal.

The lens drive section 1c includes a zoom drive unit which
moves the zoom lens in the optical axis direction and a focus
drive unit which moves the focus lens in the optical axis
direction, for example, although they are omitted in the draw-
ings.

Here, in addition to the lens section 1la, the electronic
image capturing section 15 and the lens drive section 1c, the
image capturing unit 1 may include a diaphragm (not shown
in the drawing) which adjusts the amount of light that passes
through the lens section 1a.

The image capturing control unit 2 controls the image
capturing of a specific subject by the image capturing unit 1.
That is, although omitted in the drawings, the image capturing
control unit 2 includes a timing generator, a driver and the
like. The image capturing control unit 2 scan drives the elec-
tronic image capturing section 16 by the timing generator and
the driver, converts the optical image which passed through
the lens section 1a into a two dimensional image signal every
predetermined cycle by the electronic image capturing sec-
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tion 14, reads out frame images, one by one, forms the image
capturing region of the electronic image capturing section 15
and outputs the read frame images to the image data creating
unit 3.

Here, the image capturing control unit 2 may adjust the
focus position of the lens section 1a by moving the electronic
image capturing section 156 in the optical axis direction
instead of the focus lens of the lens section 1a.

Further, the image capturing control unit 2 may carry out an
adjustment control which is a condition for capturing an
image of a specific subject in such as AF (automatic focus
processing), AE (automatic exposure processing), AWB (au-
tomatic white balance) or the like.

After the image data creating unit 3 performs an arbitrary
gain adjustment on each of the color components of RGB
with respect to a signal of analog value of a frame image
transmitted from the electronic image capturing section 15,
the image data creating unit 3 converts the signal of analog
value into digital data by the A/D converter (not shown in the
drawing) by performing sample holding on the signal of
analog value by a sample holding circuit (not shown in the
drawing), performs color processing including pixel interpo-
lation and y correction on the digital data by the color pro-
cessing circuit (not shown in the drawing), and then, gener-
ates the brightness signal Y and the color difference signals
Cb, Cr (YUV data) of the digital value.

Thebrightness signal Y and the color difference signals Cb,
Cr which are output from the color processing circuit are
transmitted to the memory 4, which is used as a buffer
memory, through DMA transmission via the DMA controller
(not shown in the drawing).

The memory 4 is constituted of a DRAM (Dynamic Ran-
dom Access Memory) or the like, for example, and in the
memory 4, data and the like which are processed by the image
processing unit 5, the central control unit 10 and the like are
temporarily stored.

The image processing unit 5 includes an image obtaining
section Sa, a face detection section 55, an eye detection sec-
tion S¢, afirst evaluation value calculation section 54, a model
fitting section Se, a second evaluation value calculation sec-
tion 5f, a fitting mode deciding section 5g, a component image
creating section 5/ and a portrait image creating section 5i.

Each section in the image processing unit 5 is constituted of
a predetermined logic circuit, for example. However, such
configuration is an example and is not limitative in any way.

The image obtaining section 5a obtains an image which is
the processing target in the face component extraction pro-
cess.

That is, the image obtaining section Sa obtains image data
of'the image P1 (for example, a photograph image or the like)
which is the original image. In particular, the image obtaining
section 5a obtains a copy of image data (RGB data or YUV
data) of the image P1 which is created by the image data
creating unit 3 by the image capturing unit 1 and the image
capturing control unit 2 capturing an image of a specific
subject (for example, the face of a person) or obtains a copy of
image data of the image P1 which is recorded in the recording
medium M (see FIG. 3).

Here, the after-mentioned processes of the image process-
ing unit 5 may be performed with respect to the image data of
the image P1 itself or may be performed with respect to image
data of a predetermined size (for example, VGA size or the
like) where the image data of the image P1 is reduced at a
predetermined ratio as needed.
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The following description is given assuming that the image
data of the image P1 is the image data expressing the pixel
value of each pixel (for example, the brightness value) in 8 bit
(265 tones).

The face detection section 56 detects the face region F in
the image P1.

That is, the face detection section 55 detects the face region
F in the image P1 which is obtained by the image obtaining
section 5a. In particular, the face detection section 55 per-
forms the face detection process using a predetermined algo-
rithm on the image P1. For example, the face detection sec-
tion 5b creates a plurality of detection candidate regions of a
predetermine size (for example, 24x24 pixels) as candidate
regions for the face region F with the image P1 being the
processing target. Then, the face detection section 54 calcu-
lates the degree of similarity between the image data of each
detection candidate region and the image data of a predeter-
mined reference image by using the adaboost output calcula-
tion and specifies the image data of the detection candidate
region having the calculated degree of similarity that exceeds
apredetermined threshold as the image data of the face region
F (see FIG. 4A and the like).

Here, the detail of the face detection process performed by
the face detection section 55 is an example and is not limita-
tive in any way. The process can be arbitrarily modified.

The eye detection section 5¢ detects the eye regions E
corresponding to the eyes in the image P1.

That is, the eye detection section 5¢ detects a plurality of
combinations of eye regions E and E, each combination mak-
ing a pair, corresponding to the pair of eyes in the face region
in the image P1 obtained by the image obtaining section 5a. In
particular, the eye detection section 5¢ performs an eye detec-
tion process with respect to the face region F which is
detected by the face detection section 55 to detect pairs of eye
regions E and E.

In the eye detection process, for example, the eye detection
section 5¢ sets the image of the rectangle portion correspond-
ing to the face region F which is detected by the face detection
process as the process target image and converts the image
into a gray scale image o256 tones. Further, the eye detection
section 5S¢ sequentially generates reduced images of prede-
termined sizes (for example, 80x80, 72x72, 64x64, 56x56,
48x48 pixels) which are formed by reducing the horizontal (x
axis) and the vertical (y axis) of the gray scale image at
predetermined ratios.

Further, the eye detection section 5¢ sets each reduced
image of a predetermined size as the process target and
detects eye candidate points by using an eye detection filter
(for example, a ring filter). In particular, the eye detection
section 5¢ assumes that it is a part of an eye candidate point if
the center of the region where the ring filter is applied has
lower (that is, darker) brightness comparing to all of the edge
sections in the region and outputs the intensity image “ring
image” of the relevant coordinate. Then, the eye detection
section 5S¢ deforms the intensity image “ring image” which is
output from each reduced image of a predetermined size so as
to be in the same predetermined size (for example, 80x80
pixels) and creates one composite image where the intensity
images “ring images” are combined together.

The eye detection section 5¢ calculates the position coor-
dinates of the centers (shown by “+” signs in the drawing) of
the plurality of intensity images “ring images” in the com-
posite image and specifies them as the eye candidates. At this
time, the eye detection section Sc¢ calculates the maximum
brightness values of the intensity images “ring images” and
stores them in the predetermined storage unit with association
to the eye candidates.
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6

Then, the eye detection section 5¢ selects any two points in
the plurality of eye candidate points and assumes them as one
pair of eye regions E and E. Further, if three or more points are
specified as the eye candidate points, the eye detection section
5¢ assumes all possible combinations thereof as pairs of eye
regions E and E.

Here, the detail of the eye detection process performed by
the eye detection section 5¢ is an example and is not limitative
in any way. The process can be modified arbitrarily.

The first evaluation value calculation section 5d calculates
the first evaluation value relating to likeness to eyes.

That is, the first evaluation value calculation section 5d
calculates the first evaluation values relating to the likeness to
eyes with respect to the plurality of pairs of the eye regions E
and E detected by the eye detection section 5c¢.

In particular, the first evaluation value calculation section
5d calculates the first evaluation values expressing the like-
ness to eyes by using a predetermined arithmetic expression
with respect to the plurality of pairs of eye regions E and E
detected by the eye detection section 5¢. For example, the first
evaluation value calculation section Sd calculates the first
evaluation values according to the arithmetic expression so
that the greater the distance to the average position of eyes
which is the reference, the lower the evaluation value and the
greater the maximum brightness value corresponding to the
eye candidate points, the greater the evaluation value. The
first evaluation value calculation section 54 specifies a num-
ber (for example, three) of evaluation values in the calculated
first evaluation values in descending order of the evaluation
value, and the first evaluation value calculation section 5d
stores the first evaluation values and the position coordinates
of the pairs of eye regions E and E in the predetermined
storage unit in association with each other.

Here, the detail of the calculation process of the first evalu-
ation values performed by the first evaluation value calcula-
tion section 54 is an example and is not limitative in any way.
The calculation process can be modified arbitrarily.

The model fitting section 5e fits a plurality extraction mod-
els M in the image P1.

That is, the model fitting section Se fits a plurality of
extraction models M, which are for extracting a plurality of
face components that constitute a face, in the image P1 on the
basis of a number of pairs of eye regions E and E whose first
evaluation values are equal to or greater than a predetermined
value, the first evaluation values being calculated by the first
evaluation value calculation section 5d. At this time, the
model fitting section Se may fit a plurality of extraction mod-
els M in the image P1 on the basis of the detection result of the
face region F by the face detection section 5d in addition to the
detection result of the eye regions E by the eye detection
section 5c.

In particular, the model fitting section Se sets the highest
first evaluation value among the plurality of first evaluation
values calculated by the first evaluation value calculation
section 5d as the reference and specifies a number of pairs of
eye regions E and E whose evaluation values are equal to or
greater than a predetermined value.

For example, the model fitting section 5Se compares the
number of the first evaluation values which are calculated by
the first evaluation value calculation section 54 to each other
and specifies the highest first evaluation value among them.
Then, the model fitting section Se fits a plurality of extraction
models M in the image P1 on the basis of the pair of eye
regions E and E associated with the highest first evaluation
value.

Further, the model fitting section 5e specifies the second
highest first evaluation value among the number of first evalu-
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ation values which are calculated by the first evaluation value
calculation section 54 and determines whether the specified
first evaluation value (the second highest first evaluation
value) has the evaluation value that is equal to or greater than
a predetermined rate (for example, 80%) with respect to the
highest evaluation value. Then, the model fitting section 5e
fits a plurality of extraction models M in the image P1 on the
basis of the pair of eye regions E and E which is associated
with the first evaluation value determined as having the evalu-
ation value that is equal to or greater than the predetermined
rate.

The model fitting section 5e repeats the process so that the
fitting modes of the plurality of extraction models M be a
number (for example, three).

The fitting process of a plurality of extraction models M in
the image P1 which is performed by the model fitting section
5e¢ will be described.

In particular, as described later, the image processing unit
5 extracts face components from the image P1 by a detail
extraction process using AAM (Active Appearance Model),
for example, and the model fitting section 5e searches for the
parts where the plurality of extraction models M match (fit) in
the image P1, the plurality of extraction models M being
arranged in the face regions F of the image P1 in the AAM.

Here, AAM is a method of modeling visual events and is a
process for modeling an arbitrary image of a face region F. For
example, as described later, the component image creating
section 57 in the image processing unit 5 registers the statis-
tical analysis results of the positions and pixel values (for
example, brightness values) of a predetermined feature points
(for example, tails of eyes, tip of a nose, face line and the like)
in a plurality of sample face images in a predetermined reg-
istration unit. Then, the component image creating section 5/
simulates the image of the face region F by using various
types of models which are set by the positions of the above
feature points being the references, that is, by using the shape
models (extraction models M) expressing the shapes of the
face components and the texture model expressing the
“Appearance” in the average shapes.

At this time, the model fitting section Se sets the initial
positions of the plurality of extraction models M correspond-
ing to the plurality of face components, that is, the extraction
models M corresponding to a pair of eyes, eyebrows, a nose,
amouth, aface contour (especially, a jaw contour) and the like
in the image P1. In particular, the model fitting section Se sets
the initial positions of the plurality of extraction models M so
that a pair of eye extraction models M1 and M1 for extracting
apair of eyes overlap the position of the pair of eye regions E
and E in the image P1, the eye regions E and E being detected
by the eye detection section 5c¢. That is, the model fitting
section 5e decides the positions of the eye detection models
M1 and M1 which form a pair (the initial positions) so as not
to change the relative positional relationship of the plurality
of'extraction models M by performing homologous deforma-
tion on the plurality of extraction models M as one because
the relative positional relationship and spaces are set in
advance to the reference condition for the plurality of extrac-
tion models M corresponding to the plurality of face compo-
nents. Further, in addition to the positions of the eye regions
E and E which form a pair and which are detected by the eye
detection section 5¢, in the image P1, the model fitting section
5e may decide the positions (the initial arrangements) of the
eye extraction models M1 and M1 which form a pair by
setting the intersection position where the straight line which
is orthogonal to the straight line that connects the centers of
the pair of eye regions E and E intersects the jaw side line of
the rectangle of the face region F as the reference.
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In such way, the positions (the initial arrangement) where
the plurality of extraction models M corresponding to other
face components (for example, the mouth) fit in the image P1
are also decided (see FIG. 4B, for example).

Then, the model fitting section 5e searches a region where
individual extraction models M best fit by individually
deforming the shapes, sizes and the like of the plurality of
extraction models M (see FIG. 4C, for example).

Here, data of individual extraction models M is data includ-
ing information relating to shapes and colors. However, in
FIG. 4B and others, only the outlines of the extraction models
M and the contours thereof are schematically shown.

The second evaluation value calculation section 5f calcu-
lates the second evaluation values relating to the fitting con-
dition of the plurality of extraction models M.

That is, the second evaluation value calculation section 5f
calculates the second evaluation values relating to the fitting
condition of the plurality of extraction models M which are fit
by the model fitting section Se according to a predetermined
arithmetic expression for each of the number of pairs of eye
regions E and E. In particular, for example, every time a
plurality of extraction models M are fitted in the image P1 by
the model fitting section 5e by setting each of the number of
pairs of eye regions E and E as the reference, the second
evaluation value calculation section 5/ calculates the second
evaluation value relating to the fitting condition of the plural-
ity of extraction models M by setting the shifting amounts in
pixel value and positional coordinate with respect to the
matching region corresponding to each of the extraction mod-
els M as reference. Then, the second evaluation value calcu-
lation section 5f stores the calculated second evaluation val-
ues in the predetermined storage unit so as to be associated
with the pairs of eye regions E and E.

Here, the calculation method of the second evaluation val-
ues performed by the second evaluation value calculation
section 5fis a well known technique. Therefore, its detail
description will be omitted. Further, the detail of the calcula-
tion process of the second evaluation values is an example and
is not limitative in any way. The calculation process can be
modified arbitrarily.

The fitting mode deciding section 5g decides the fitting
mode of the plurality of extraction models M.

That is, the fitting mode deciding section 5/ decides the
fitting mode of the plurality of extraction models M to be
fitted by the model fitting section 5e on the basis of the
calculation results of the number of second evaluation values
by the second evaluation value calculation section 5f. In par-
ticular, the fitting mode deciding section 5g, for example,
specifies the highest second evaluation value by comparing
the number of second evaluation values calculated by the
second evaluation value calculation section 5f and specifies
the fitting mode of the plurality of extraction models M cor-
responding to the highest second evaluation value as the
fitting mode for the detail extraction process (AAM).

Here, the deciding method of the fitting mode of the plu-
rality of extraction models M is an example and is not limi-
tative in any way. The deciding method can be modified
arbitrarily. For example, the fitting mode deciding section 5g
may decide the fitting mode of the plurality of extraction
models M by the fitting mode desired by a user being selected
and specified based on a predetermined operation performed
on the operation input unit 9 by a user among the fitting mode
of the plurality of extraction models M corresponding to a
number of pairs of eye regions E and E whose second evalu-
ation values are calculated.

The component image creating section 5/ generates a face
component image expressing main face components ina face.
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That is, the component image creating section 5/ generates
a face component image (not shown in the drawings) of main
components of the face in the image P1 based on the fitting
mode of the plurality of extraction models M decided by the
fitting mode deciding section 5g. In particular, the component
image creating section 5% modelizes the image of the face
region F by the detail extraction process (AAM) using the
plurality of extraction models M decided by the fitting mode
deciding section 5g, for example. Then, the component image
creating section 5/ creates a face detail image (not shown in
the drawings) wherein the main components in the image P1
are extracted and expressed in lines.

Further, the component image creating section 5% creates a
face component image in which the face components that
exist inside the face contour in the face region F and the face
components that contact the contour in lines. In particular, the
component image creating section 5/ specifies the pixels in
the face detail image that contact the face contour and deletes
the pixel groups which are outside the face contour among the
pixels that are continuous from the specified pixels. That is,
the component image creating section 5/ deletes the parts
outside of the face contour in the face detail image and main-
tains the parts that are inside the face contour and that contact
the contour to generate the face component image including
the part images of the main face components such as eyes,
nose, mouth, eye brows and the like.

Here, as the detail extraction process, the process using
AAM is exemplified. However, this process is an example and
is not limitative in any way, and the process can be modified
arbitrarily.

The portrait image creating section 5i creates a portrait
image by using the face component image.

That is, the portrait image creating section 5i creates a
portrait image (not shown in the drawings) of the image P1 by
using the face component image generated by the component
image creating section 54. In particular, the portrait image
creating section 57 specifies the positions to superimpose the
partimages of face components such as eyes, nose, mouth and
eye brows, for example, inside the face contour of a prede-
termined hair style image and superimposes the part images
of the face components on the specified positions to create
image data of a portrait image which expresses the image P1
in a portrait style.

The portrait image creating section 5i may generate an
image by applying predetermined colors to predetermined
parts (for example, to the face components such as eyes,
mouth and eye brows) in the portrait image.

The recording medium control unit 6 is configured so that
the recording medium M can be attached and detached freely.
The recording medium control unit 6 controls data reading
from the inserted recording medium M and data writing into
the recording medium M.

That is, the recording medium control unit 6 records the
image data for recording which is encoded into a predeter-
mined compression format (for example, JPEG format) by
the encoding section (not shown in the drawings) in the image
processing unit 5 in the recording medium M.

Here, the recording medium M is configured of a non-
volatile memory (flash memory), for example. However, this
is an example and is not limitative in any way. The recording
medium can be modified arbitrarily.

The display control unit 7 controls the reading of the image
data for display which is temporarily stored in the memory 4
and the displaying of the image data in the display unit 8.

In particular, the display control unit 7 includes a VRAM
(Video Random Access Memory), a VRAM controller, a digi-
tal video encoder and such like. The digital video encoder
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reads out the brightness signal Y and the color difference
signals Cb and Cr which are read out from the memory 4 and
stored in the VRAM (not shown in the drawings) under the
control of the central control unit 10 from the VRAM via the
VRAM controller regularly, generates a video signal based on
the read data and outputs the generated video signal to the
display unit 8.

The display unit 8 is a liquid crystal display panel, for
example, and displays an image which is captured by the
image capturing unit 1 in the display screen according to the
video signal from the display control unit 7. In particular, the
display unit 8, in the still image capturing mode or in the video
image capturing mode, displays live view images by sequen-
tially updating a plurality of frame images, which are gener-
ated by the image capturing unit 1 and the image capturing
control unit 2 capturing images of a specific subject, at a
predetermined frame rate. Further, the display unit 8 displays
images (rec-view images) which are recorded as still images
and also displays images which are being recorded as video
images.

The operation input unit 9 is for performing predetermined
operation of the image capturing apparatus 100. In particular,
the operation input unit 9 includes operation sections such as
a shutter button relating to the instruction to capture an image
of a subject, a selection OK button relating to the instruction
to select the image capturing mode, a function and the like and
a zoom-in button relating to the instruction to adjust the
zooming (all of them are not shown in the drawings). The
operation input unit 9 outputs a predetermined operation sig-
nal according to an operation of each button of the operation
sections to the central control unit 19.

The central control unit 10 controls each unit in the image
capturing apparatus 100. In particular, the central control unit
10 includes a CPU (Central Processing Unit) (not shown in
the drawings), for example. The central control unit 10 per-
forms various control operations according to various pro-
cessing programs (not shown in the drawings) of the image
capturing apparatus 100.

Next, the portrait image creating process performed in the
image capturing apparatus 100 will be described with refer-
ence to FIGS. 2 to 6.

FIG. 2 is a flowchart showing an example of an operation
according to the portrait image creating process.

The portrait image creating process is a process which is
performed by each unit in the image capturing apparatus 100,
especially by the image processing unit 5, under the control of
the central control unit 10 in a case where the portrait image
creating mode is selected in a plurality of operation modes
which are displayed in the menu screen based on the prede-
termined operation performed by a user on the selection OK
button in the operation input unit 9.

The image data of the image P1 which is to be the process-
ing target of the portrait image generation process is assumed
as being recorded in the recording medium M in advance.

As shown in FIG. 2, first, the recording medium control
unit 6 reads out the image data of the image P1 (see FIG. 3)
which is specified based on the predetermined operation per-
formed by a user on the operation input unit 9 among the
image data recorded in the recording medium M and then, the
image obtaining section 5a in the image processing unit 5
obtains the read image data as the processing target of the
portrait image creating process (step S1).

Next, the face detection section 55 performs the face detec-
tion process using a predetermined algorithm (for example,
adaboost) on the image data of the image P1 which is obtained
by the image obtaining section 5a and specifies the image data
of the face region F (step S2; see FIG. 4A, for example).
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Thereafter, the eye detection section 5c¢ performs the eye
detection process for detecting a pair of eye regions E and E
that corresponds to a pair of eyes on the image data of the face
region F which is detected by the face detection section 5b
(step S3). In such way, the eye detection section 5c¢ detects a
plurality of pairs of eye regions E and E as candidate regions
in the face region F in the image P1 (see FIGS. 4A, 5A and
6A).

FIG. 4A schematically shows a false detection state where
the center of one eye region E ofthe pair of eye regions E and
E is detected at the edge of glasses. FIG. 6 A schematically
shows a false detection state where the centers of the both eye
regions E and E, which forms a pair, are detected at the edges
of glasses.

The first evaluation value calculation section 5d calculates
the first evaluation values that indicates the likeness to eyes
respectively for the plurality of pairs of eye regions E and E
which are detected by the eye detection section Sc (step S4).
Thereafter, the first evaluation value calculation section 5d
specifies a number (for example, three) of calculated first
evaluation values in descending order and stores the specified
first evaluation values and the positional coordinates of the
pairs of eye regions E and E in a predetermined storage unit so
as to be associated to each other (step S5).

With respect to the first evaluation value which is calcu-
lated for one pair of eye regions E and E, for example, the first
evaluation value of the pair of eye regions E and E shown in
FIG. 4A has the highest value, the first evaluation value of the
pair of eye regions E and E shown in FIG. 5A has the second
highest value and the first evaluation value of the pair of eye
regions E and E shown in FIG. 6 A has the third highest value.

Next, the model fitting section Se fits a plurality of extrac-
tion models M in the image P1 based on the pair of eye regions
E and E (see FIG. 4A) which is associated with the highest
first evaluation value among the plurality of first evaluation
values calculated by the first evaluation value calculation
section 5d (step S6). In particular, the model fitting section Se
sets the initial arrangement of a plurality of extraction models
M so that the pair of eye detection models M1 and M1 overlap
the positions of the eye regions E and E which form the pair
in the image P1 (see FIG. 4B). Then, the model fitting section
5e searches for the region where the extraction models M best
fit in the face region F in the image P1 by deforming the
shapes, sizes and the like of individual extraction models M
and outputs the fitting results to the second evaluation value
calculation section 5f'(see FIG. 4C).

Thereafter, the second evaluation value calculation section
5fcalculates the second evaluation value relating to the fitting
conditions of the plurality of extraction models M which are
fitted by the model fitting section 5e according to a predeter-
mined arithmetic expression and stores the calculated second
evaluation value and the pair of eye regions E and E in a
predetermined storage unit so as to be associated to each other
(step S7).

Next, the model fitting section 5e specifies the second
highest first evaluation value and determines whether the rate
of the specified second highest first evaluation value with
respect to the highest first evaluation value is equal to or
greater than a predetermined rate (for example 80%) (step
S8).

If it is determined that the rate of the second highest first
evaluation value with respect to the highest first evaluation
value is equal to or greater than a predetermined rate in step
S8 (step S8; YES), the model fitting section 5e fits the plural-
ity of extraction models M in the image P1 based on the pair
of eye regions E and E which is associated with the second
highest first evaluation value (see FIG. 5A) (step S9).
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The process of fitting the plurality of extraction models M
performed here is similar to the process in step S6. In particu-
lar, the model fitting section 5e sets the initial arrangement of
the plurality of extraction models M (see FIG. 5B) and there-
after, searches for the region where the extraction models M
best fit in the face region F in the image P1 by deforming the
shapes, sizes and the like of the individual extraction models
M (see FIG. 5C).

Similarly to the process of step S7, the second evaluation
value calculation section 5f calculates the second evaluation
value indicating the fitting condition of the plurality of extrac-
tion models M according to a predetermined arithmetic
expression and stores the calculated second evaluation value
and the pair of eye regions E and E in the predetermined
storage unit so as to be associated to each other (step S10).

Next, the model fitting section 5Se specifies the third highest
first evaluation value and determines whether the rate of the
specified third highest first evaluation value with respect to
the highest first evaluation value is equal to or greater than a
predetermined rate (for example, 80%) (step S11).

If it is determined that the rate of the third highest first
evaluation value with respect to the highest first evaluation
value is equal to or greater than the predetermined rate in step
S11 (step S11; YES), the model fitting section Se fits the
plurality of extraction models M in the image P1 based on the
pair of eye regions E and E (see FIG. 6 A) which is associated
with the third highest first evaluation value (step S12).

The process of fitting the plurality of extraction models M
performed here is similar to the processes in steps S6 and S9.
In particular, the model fitting section Se sets the initial
arrangement of the plurality of extraction models M (see FIG.
6B) and thereafter, searches for the region where the extrac-
tion models M best fit in the face region F in the image P1 by
deforming the shapes and sizes of the individual extraction
models M (see FIG. 6C).

Similarly to the processes of steps S7 and S10, the second
evaluation value calculation section 5/ calculates the second
evaluation value relating to the fitting condition of the plural-
ity of extraction models M according to a predetermined
arithmetic expression and stores the calculated second evalu-
ation value in the predetermined storage unit so as to be
associated with the pair of eye regions E and E (step S13).

Thereafter, the fitting mode deciding section 5g obtains the
three second evaluation values which are calculated from the
predetermined storage unit, specifies the highest second
evaluation value by comparing the second evaluation values
to each other and specified the fitting modes of the plurality of
extraction models M associated with the highest second
evaluation value (for example, the fitting mode of the plurality
of extraction models M in FIG. 5C) (step S14).

Even ifitis determined that the rate of the third highest first
evaluation value is not equal to or greater than the predeter-
mined rate in step S11 (step S11; NO), the fitting mode
deciding section 5g obtains two second evaluation values
which are calculated from the predetermined storage unit,
specifies the highest second evaluation value by comparing
the second evaluation values and specifies the fitting mode of
the plurality of execution models M associated with the speci-
fied second evaluation value (step S14).

Then, the component image creating section 54 performs
the detail extraction process (AAM) based on the fitting mode
of the plurality of extraction models M decided by the fitting
mode deciding section 5g and creates a face component
image (not shown in the drawings) relating to the main com-
ponents of the face in the image P1 (step S15). In such way,
the component image creating section 5/ creates the face



US 9,323,981 B2

13

detail image in which the face components (for example,
eyes, nose, mouth, eye brows, hair and face contour) are
expressed in lines.

If it is determined that the rate of the second highest first
evaluation value is not equal to or greater than the predeter-
mined rate with respect to the highest first evaluation value in
step S8 (step S8; NO), the component image creating section
5h performs the detail extraction process (AAM) based on the
fitting mode (see FIG. 4C) of the plurality of extraction mod-
els M corresponding to the pair of eye regions E and E (see
FIG. 4A) associated with the highest first evaluation value
and creates a face component image relating to the main
components of the face in the image P1 (step S15).

Next, the component image creating section 5/ specifies
the face contour in the face region F by the detail extraction
process and creates a face component image including the
face components inside the face contour and the face compo-
nents contacting the contour, that are, part images of the main
face components such as eyes, nose, mouth and eye brows, for
example (step S16).

Thereafter, the portrait image creating section 5i creates a
portrait image of the image P1 by using the face component
image (step S17). In particular, the portrait image creating
section 57 obtains a predetermined hair style image, specifies
the positions inside the face contour of the hairstyle image
where the part images of the face components, such as eyes,
nose, mouth and eye brows, are to be superimposed, and
superimposes the part images of the face components onto the
positions to create image data of a portrait image that
expresses the image P1 in a portrait style.

Then, the recording medium control unit 6 obtains and
records the image data (YUV data) of the portrait image
created by the portrait image creating section 5i.

Hereby, the portrait image creation processing ends.

As described above, according to the image capturing unit
100 ofthe embodiment, a plurality of extraction models M for
extracting a plurality of face components are fitted in the
image P1 based on a number of pairs of eye regions E and E
having the first evaluation values equal to or greater than a
predetermined value, the first evaluation value being calcu-
lated for each of the plurality of pairs of eye regions E and E
detected by the eye detection section 5¢ and the first evalua-
tion values relating to the likeness to eyes, and the second
evaluation value relating to the fitting condition of the plural-
ity of extraction models M are calculate for each of the num-
ber of pairs of eye regions E and E and the fitting mode of the
plurality of extraction models M is decided based on the
calculation results of the number of second evaluation values.
Therefore, for example, even when a person in the image P1
is wearing a pair of glasses with thick dark color frame such
as black rimmed glasses, appropriate fitting mode of the
plurality of extraction models M can be decided by taking the
second evaluation values relating to the fitting condition of
the plurality of extraction models M associated with a number
of pairs of eye regions E and E into consideration. That is, for
example, there is a possibility that an eye region can be easily
false detected because black rimmed glasses have a bright-
ness value close to that of the black eye part and the initial
arrangement of the plurality of extraction models M, the eye
region E being the reference, cannot be performed appropri-
ately (see FIG. 4B and FIG. 6B, for example). In view of this,
not only the pair of eye regions E and E having the highest
evaluation value (which is determined as being most likely
eyes) detected in the face region F in the image P1 but also a
number of pairs of eye regions E and E having evaluation
values that are equal to or greater than a predetermined value
specified by setting the highest first evaluation value as the
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reference are used for fitting a plurality of extraction models
M, and the highest second evaluation value among the num-
ber of second evaluation values relating to the fitting condi-
tions is specified. Then, by deciding the fitting mode of the
plurality of extraction models M corresponding to the speci-
fied second evaluation value as the fitting mode for extracting
the face components, the plurality of extraction models M can
be fitted appropriately in the image P1.

Therefore, a plurality of face components can be extracted
from the image P1 appropriately.

Because the face region F is detected in the image P1 and a
pair of eye regions E and E corresponding the pair of eyes is
detected in the detected face region F, anumber of pairs of eye
regions E and E can be detected appropriately and the plural-
ity of extraction models M corresponding to the plurality of
face components in the image P1 can be fitted appropriately
based on the number of pairs of eye regions E and E. Espe-
cially, because the plurality of extraction models M are fitted
in the image P1 based on the detection result of the face region
F, the plurality of extraction models M can be fitted in the
image P1 more properly by taking not only the detected
results of the number of pairs of eye regions E and E but also
the detection result of the face region F.

Further, because the face component image relating to the
main components of the face in the image P1 is created based
on the decided fitting mode of the plurality of extraction
models M and the portrait image of the image P1 is created by
using the face component image, the face component image
can be created by extracting a plurality of face components by
using the plurality of extraction models M which are properly
fitted in the image P1. As a result, the portrait image can be
created appropriately.

The present invention is not limited to the above described
embodiment, and various modifications and design changes
can be carried out within the scope of the present invention.

For example, in the above embodiment, the face compo-
nent image relating to the main components of the face in the
image P1 is created and the portrait image is created by using
the face component image. However, there is no need for the
face component image and the portrait image to be created,
and whether the face component image and the portrait image
are to be created or not can be changed arbitrarily.

Further, the configuration includes the recording medium
control unit 6 to record the image P1. However, the configu-
ration is not limited to this. For example, the configuration
may be such that the image P1 is recorded in a predetermined
server which is connectable with the apparatus main body via
a predetermined communication network, and the image
obtaining section Sa obtains the image P1 from the server by
accessing the predetermined server by a communication pro-
cessing unit (not shown in the drawings) via a communication
network.

The configuration of the image capturing apparatus 100
exemplified in the above described embodiment is an
example, and the configuration is not limited in any way.
Although the image capturing apparatus 100 is exemplified as
the face component extraction device, the face component
extraction device is not limited to this. The face component
extraction device may be of any configuration as long as the
face component extraction process according to the present
invention can be executed.

Inthe above embodiment, the functions as the ways for eye
detection, first calculation, fitting, second calculation and
deciding are realized by driving of the eye detection section
5S¢, the first evaluation value calculation section 54, the model
fitting section 5e, the second evaluation value calculation
section 5f and the fitting mode deciding section 5g under the
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control of the central control unit 10. However, the configu-
ration is not limited to this. The above functions may be
realized by predetermined programs and the like being
executed by the central control unit 10.

That is, in the program memory (not shown in the draw-
ings) that stores programs, programs including eye detection
process routine, the first calculation process routine, the fit-
ting process routine, the second calculation process routine
deciding routine are stored. The eye detection process routine
may make the CPU of the central control unit 10 function as
aunit for detecting a plurality of combinations for pairs of eye
regions E and E in the face region F in the image P1. More-
over, the first calculation process routine may make the CPU
of'the central control unit 10 function as a unit for calculating
the first evaluation values relating to the likeness to eyes with
respectto the plurality of number of pairs of eye regions E and
E which are detected. The fitting process routine may make
the CPU of the central control unit 10 function as a unit for
fitting a plurality of extraction models M in the image P1 for
extracting a plurality of face components that constitute a face
based on a number of pairs of eye regions E and E whose
calculated first evaluation values are equal to or greater than a
predetermined value. The second calculation process routine
may make the CPU of the central control unit 10 function as
a unit for calculating the second evaluation value relating to
the fitting condition of the plurality of extraction models M
for each of a number of pairs of eye regions E and E. The
deciding process routine may make the CPU of the central
control unit 10 function as a unit for deciding the fitting mode
of the plurality of extraction models M based on the calcula-
tion results of the number of second evaluation values.

Similarly, the ways of face detection, the first creating and
the second creating may also be realized by the CPU of the
central control unit 10 executing a predetermined programs,
for example.

As a computer readable medium in which programs for
executing the above processes are stored, a non-volatile
memory such as a flash memory and a portable recording
medium such as a CD-ROM may be applied in addition to a
ROM, hard disk and the like. Further, as a medium for pro-
viding data of programs via a predetermined communication
circuit, a carrier wave can be applied.

Few embodiments of the present invention are described
above. However, the scope of the present invention is not
limited to the embodiment.

The entire disclosure of Japanese Patent Application NO.
2012-254824 filed on Nov. 21, 2012 including description,
claims, drawings, and abstract are incorporated herein by
reference in its entirety.

What is claimed is:

1. A face component extraction apparatus, comprising:

a memory; and

a processor which is operable to function as:

an eye detection unit which detects a plurality of com-
binations of candidates of eye regions, each combi-
nation forming a pair, in a face region in an image;

a first calculation unit which calculates a first evaluation
value for each pair of the candidates of the eye regions
detected by the eye detection unit, each of the first
evaluation values being related to a likeness to eyes;

a fitting unit which fits, into the face region in the image,
a plurality of extraction model units for extracting a
plurality of face components, respectively, based on
pairs of the candidates of the eye regions whose first
evaluation values are equal to or greater than a value,
wherein each of the extraction model units has a plu-
rality of extraction models corresponding to the plu-
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rality of the face components, respectively, and is set
in accordance with a respective one of the pairs of the
candidates of the eye regions;

a second calculation unit which calculates at least one
second evaluation value corresponding to at least one
of' the pairs of the candidates of the eye regions, the at
least one second evaluation value being related to a
fitting condition between the plurality of extraction
model units and the plurality of face components in
the image; and

a deciding unit which decides one of the plurality of
extraction mode] units in accordance with the at least
one second evaluation value.

2. The face component extraction apparatus as claimed in
claim 1, wherein the deciding unit specifies a highest second
evaluation value from among the at least one second evalua-
tion value calculated by the second calculation unit and
decides the one of the plurality of extraction model units that
corresponds to the highest second evaluation value.

3. The face component extraction apparatus as claimed in
claim 1, wherein the fitting unit specifies the pairs of the
candidates ofthe eye regions whose first evaluation values are
equal to or greater than the value by setting a highest first
evaluation value from among the plurality of first evaluation
values calculated by the first calculation unit as a reference
and fits, into the plurality of face components in the image, the
plurality of extraction model units, respectively, based on
each of the pairs of the candidates of the eye regions.

4. The face component extraction apparatus as claimed in
claim 1, wherein the processor is further operable as a face
detection unit which detects the face region in the image, and

wherein the eye detection unit detects the pair of the can-
didates of'the eye regions corresponding to a pair of eyes
in the face region detected by the face detection unit.

5. The face component extraction apparatus as claimed in
claim 4, wherein the fitting unit fits, into the plurality of face
components in the image, the plurality of extraction model
units based on a detection result of the face region by the face
detection unit.

6. The face component extraction apparatus as claimed in
claim 1, wherein the processor is further operable as:

a first creating unit which creates a face component image
relating to the plurality of face components based on the
plurality of extraction models in the one of the plurality
of extraction model units decided by the deciding unit;
and

a second creating unit which creates a portrait image of the
image by using the face component image generated by
the first creating unit.

7. A face component extraction method using a face com-
ponent extraction apparatus, the apparatus comprising a
memory and a processor, the method being executed by the
processor, and the method comprising:

detecting a plurality of combinations of candidates of eye
regions, each combination forming a pair, in a face
region in an image;

performing a first calculation for calculating a first evalu-
ation value for each pair of the candidates of the eye
regions detected by the detecting, each of the first evalu-
ation values being related to a likeness to eyes;

fitting, into the face region in the image, a plurality of
extraction model units for extracting a plurality of face
components, respectively, based on pairs of the candi-
dates ofthe eye regions whose calculated first evaluation
values are equal to or greater than a value, wherein each
of the extraction model units has a plurality of extraction
models corresponding to the plurality of the face com-
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ponents, respectively, and is set in accordance with a
respective one of the pairs of the candidates of the eye
regions;
performing a second calculation for calculating at least one
second evaluation value corresponding to at least one of
the pairs of the candidates of the eye regions, the at least
one second evaluation value being related to a fitting
condition between the plurality of extraction model
units and the plurality of face components in the image;
and
deciding one of the plurality of extraction model units in
accordance with the at least one second evaluation value.
8. A non-transitory computer readable recording medium
having a program stored thereon that is readable by a proces-
sor of a face component extraction apparatus, the apparatus
further comprising a memory, and the program being execut-
able to control the processor to function as:
an eye detection unit which detects a plurality of combina-
tions of candidates of eye regions, each combination
forming a pair, in a face region in an image;
a first calculation unit which calculates a first evaluation
value for each pair of the candidates of the eye regions
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detected by the eye detection unit, each of the first evalu-
ation values being related to a likeness to eyes;

a fitting unit which fits, into the face region in the image, a

plurality of extraction model units for extracting a plu-
rality of face components, respectively, based on pairs of
the candidates of the eye regions whose first evaluation
values are equal to or greater than a value, wherein each
of the extraction model units has a plurality of extraction
models corresponding to the plurality of the face com-
ponents, respectively, and is set in accordance with a
respective one of the pairs of the candidates of eye
regions;

a second calculation unit which calculates at least one

second evaluation value corresponding to at least one of
the pairs of the candidates of the eye regions, the at least
one second evaluation value being related to a fitting
condition between the plurality of extraction model
units and the plurality of face components in the image;
and

a deciding unit which decides of the plurality of extraction

model units in accordance with the at least one second
evaluation value.

#* #* #* #* #*
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